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1RPHQFODWXUH
0/0 PRYLQJORDGPRGHO   000 PRYLQJPDVVPRGHO
',0 GHWDLOHGLQWHUDFWLRQPRGHO   6,0 VLPSOLILHGLQWHUDFWLRQPRGHO
$'0 DGGLWLRQDOGDPSLQJPHWKRG

7KHUHDUHVHYHUDOGLIIHUHQWPHWKRGVKRZWRPRGHOWKHVWUXFWXUHDQGWKHORDG6LQFHWKLVSDSHULVIRFXVHGRQWKHORDG
PRGHOWKHEULGJHLVUHSUHVHQWHGDVDVLPSOHVXSSRUWHG(XOHU%HUQRXOOLEHDP)LJXUHVKRZVIRXUGLIIHUHQWZD\VWR
PRGHODWUDLQ


)LJ/RDGPRGHOVDPRYLQJORDGPRGHO0/0EPRYLQJPDVVPRGHO000
FVLPSOLILHGLQWHUDFWLRQPRGHO6,0GGHWDLOHGLQWHUDFWLRQPRGHO',0
1XPHURXVUHVHDUFKVWXGLHVHJ>@KDYHGHDOWZLWKWKHFRPSDULVRQRIPRYLQJORDGPRGHOZLWKWKH
GHWDLOHGLQWHUDFWLRQPRGHO,WKDVEHHQVKRZQWKDWHVSHFLDOO\LQWKHUDQJHRIWKHUHVRQDQFHVSHHGVRIWKHILUVWQDWXUDO
IUHTXHQFLHVRIWKHEULGJH ଴݂WKHV\VWHPUHVSRQVHFRXOGGLIIHUFRQVLGHUDEOHEHWZHHQERWKPRGHOV)RUPHGLXPOHQJWK
VWUXFWXUHVPZLWKDQDWXUDOIUHTXHQF\LQDUDQJHIURPWR+]WKLVHIIHFWLVHVSHFLDOO\SURQRXQFHG>@7KH
FULWLFDOVSHHGVDUHGHQRWHGDVݒ௥௘௦ǡଵ௜ 
i
Dfvires  = =i  
,QHTXDWLRQDLVWKHYHKLFOHOHQJWK7KHUHDVRQIRUWKHGLIIHUHQFHLQWKHV\VWHPUHVSRQVHLVWKHWUDLQEULGJHLQWHUDFWLRQ
ZKLFKLVFRQVLGHUHGE\WKHGHWDLOHGLQWHUDFWLRQPRGHOEXWQRWE\WKHPRYLQJORDGPRGHO7KHWUDLQDFWVDVDQDGGLWLRQDO
GDPSHUIRUWKHEULGJH7RWDNHWKLVLQWHUDFWLRQHIIHFWLQWRDFFRXQWWKH(XURFRGHDOORZVDGGLWLRQDOGDPSLQJYDOXHV
ZKHQXVLQJWKHPRYLQJORDGPRGHO7KHDGGLWLRQDOGDPSLQJοߞVHHHTXDWLRQGHSHQGVRQWKHVSDQOHQJWKRQO\,W
FDQEHWDNHQLQWRDFFRXQWIRUEULGJHVZLWKOHVVWKDQPVSDQOHQJWKDQGKDVDPD[LPXPYDOXHRI>@
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7KHYHKLFOHEULGJHLQWHUDFWLRQLVDKLJKO\FRPSOH[PHFKDQLVPGHSHQGLQJRQWKHWRWDOLW\RIIDFWRUVVXFKDVYHKLFOH
EULGJHPDVV UDWLRYHKLFOHEULGJHIUHTXHQF\UDWLRRUYHKLFOHEULGJHOHQJWK UDWLR >@7KHUHIRUHDGGLWLRQDO
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GDPSLQJGHVFULEHGE\WKHEULGJHVSDQRQO\LVRIWHQQRWVXIILFLHQWWRFDSWXUHWKHLQWHUDFWLRQPHFKDQLVP1XPHURXV
FDVHVKDGEHHQVKRZQZKHUHWKHVWUXFWXUHUHVSRQVHWRWKH',0GLIIHUVXSWRIURPWKHUHVXOWVREWDLQHGE\WKH
$'0>@7KHUHDOVRPD\RFFXUFDVHVZKHUHWKH$'0JLYHVQRQFRQVHUYDWLYHUHVXOWV)XUWKHUPRUHWKHSRVLWLYH
HIIHFWVRIYHKLFOHEULGJHLQWHUDFWLRQFDQEHREVHUYHGLQVRPHVWUXFWXUHVRIODUJHUVSDQ>@


)LJ6\VWHPUHVSRQVHRIDEULGJH/ Pߤ WPDQG ଴݂ +]WRGLIIHUHQWORDGPRGHOVRID5DLOMHW+LJK6SHHGWUDLQ
7KHUHIRUHDQDFFXUDWHG\QDPLFDQDO\VLVZLWKWKH',0VHHPVWREHUHDVRQDEOH6LQFHWKHVHFDOFXODWLRQVDUHYHU\
WLPHFRQVXPLQJHVSHFLDOO\LIDODUJHQXPEHURIVWUXFWXUHVHJDOOVWUXFWXUHVRQDVSHFLILFUDLOZD\OLQHKDYHWREH
H[DPLQHGDQDOWHUQDWLYHPHWKRGWRDSSUR[LPDWHWKHLQWHUDFWLRQHIIHFWVEHFRPHVQHFHVVDU\,QILJXUHWKHG\QDPLF
UHVSRQVHVWRGLIIHUHQWORDGPRGHOVRIWKH5DLOMHW+LJK6SHHGWUDLQRQDPEULGJHDUHVKRZQ
(IIHFWVRIWKHWUDLQEULGJHLQWHUDFWLRQ
$V D EDVLV IRU IXUWKHU LQYHVWLJDWLRQV D SDUDPHWULF VWXG\ KDV EHHQ SHUIRUPHG 7KH JRDO ZDV WR GHWHUPLQH WKH
GLIIHUHQFHVLQWKHG\QDPLFEULGJHUHVSRQVHEHWZHHQD',0DQGD0/0
2.1. Investigated parameters  
7KHXQGHUO\LQJWUDLQZDVWKH5DLOMHW±+LJK6SHHGWUDLQRIWKH$XVWULDQ)HGHUDO5DLOZD\V'HWDLOHGGDWDRIWKLV
WUDLQFDQEHIRXQGLQ>@0RVWLPSRUWDQWWUDLQSURSHUWLHVIRUWKLVVWXG\DUH
• SULPDU\ERJLHIUHTXHQF\݊௣ ൌ ͸ǡʹ͵ܪݖ
• ERJLHPDVV݉௕ ൌ ʹ͵ͲͲ݇݃
• YHKLFOHOHQJWKܦ ൌ ʹ͸ǡͷ
7KHG\QDPLFDQDO\VLVRI WKH WUDLQFURVVLQJVZHUHSHUIRUPHGZLWKD0DWODE&RGHGHYHORSHGDW WKH ,QVWLWXWHIRU
6WUXFWXUDO(QJLQHHULQJRIWKH78:LHQ>@7KHDOJRULWKPLVEDVHGRQPRGDODQDO\VLV7KHUHE\WKHH[DFWVROXWLRQZDV
DSSUR[LPDWHGE\XVLQJWKHILUVWWKUHHHLJHQPRGHVRIWKHVWUXFWXUH7KHIROORZLQJEULGJHSDUDPHWHUVZHUHFKRVHQ
• GDPSLQJIRUSUHVWUHVVHGFRQFUHWHߞ>@ͳǡͲ ൅ ͲǡͲ͹ ή ሺʹͲ െ ܮሻIRUܮ ൏ ʹͲ݉DQGߞ ൌ ͳǡͲܮ ൐ ʹͲ݉
• VSDQOHQJWK/>P@
• PDVVSHUOHQJWKߤ>WP@
• EULGJHIUHTXHQF\ ଴݂>+]@
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7KHPD[LPXPG\QDPLFUHVSRQVHRIDEHDPWRDIRUFHGYLEUDWLRQLVNQRZQQRWWRRFFXUH[DFWO\DWPLGVSDQ,QRUGHU
WRILQGWKHDFWXDOPD[LPXPWKHVWUXFWXUHZDVGLYLGHGLQWRܮȀͳͲͲSDUWVDQGWKHFDOFXODWLRQZDVHYDOXDWHGIRUHDFK
QRGH7KHWUDLQFURVVLQJVZHUHFDOFXODWHGIRUDYHORFLW\UDQJHIURPWRNPKZLWKDQLQFUHPHQWRINPK
2.2. Identification of resonance and error evaluation 
,Q WDEOH WKH ILUVW UHVRQDQFHVSHHGV L FRQILUPLQJ WRHTXDWLRQDUH LOOXVWUDWHG IRU WKHH[DPLQHG
IUHTXHQFLHV 7KH UHVRQDQFH SHDNV RI WKH UHVXOWV IRU WKH',0 DQG WKH0/0ZHUH GHWHFWHG DV ORFDO SHDNV LQ WKH
LPPHGLDWHYLFLQLW\RIWKHVHYHORFLWLHV>@6LQFHWKHILUVWDQGVHFRQGUHVRQDQFHSHDNVRIWHQGRQRWRFFXUZLWKLQWKH
UHOHYDQWVSHHGUDQJHWKHWKLUGDQGIRXUWKUHVRQDQFHRIWKHILUVWQDWXUDOEULGJHIUHTXHQF\ZHUHH[DPLQHGWRR
7DEOH5HVRQDQFHVSHHGVURXQGHGWRNPK

 1DWXUDOEULGJHIUHTXHQF\ ଴݂>+]@
         
L           
L           
L           
L           

7KLV VWXG\ LV IRFXVHG RQ WKH YHUWLFDO DFFHOHUDWLRQ RI WKH VWUXFWXUH 7KH UHODWLYH HUURUߝ௔ǡ௜ LV GHWHUPLQHG DV WKH
GLIIHUHQFHRIWKHUHVXOWVIRUDVSHFLILFUHVRQDQFHVSHHGEHWZHHQWKH',0DQG0/0EDVHGRQWKH',0UHVXOWV
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
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−
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iDIM
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ε   
*HQHUDOO\WKHYHKLFOHEULGJHLQWHUDFWLRQGHSHQGVRQGLPHQVLRQOHVVSDUDPHWHUV>@$UYLGVVRQ'RPpQHFKDQG
0XVHURVKDYHYHULILHGLQYDULRXVVWXGLHV>@WKDWWKHWKUHHGHFLVLYHIDFWRUVIRUWKHLQWHUDFWLRQDUH
• EULGJHWRYHKLFOHOHQJWKUDWLRߚௗ ൌ ܮȀܦ
• EULGJHWRERJLHPDVVUDWLRߤ௕ ൌ ߤܮȀ݉௕
• SULPDU\EULGJHWRERJLHIUHTXHQF\UDWLRߟ௣ ൌ ଴݂Ȁ݊௣
7KHUHVXOWVRIWKHSDUDPHWULFVWXG\DUHLOOXVWUDWHGE\PHDQVRIWKHVHSDUDPHWHUV
2.3. Effects of the interaction on the resonance peaks 
$VDQH[DPSOHILJXUHVKRZVWKHUHODWLYHHUURUVRIWKHDFFHOHUDWLRQSHDNVRIVWUXFWXUHVZLWKPVSDQOHQJWK
)URPWKHUHVXOWVRIWKHSDUDPHWULFVWXG\WKHIROORZLQJVWDWHPHQWVFDQEHPDGH
• *HQHUDOO\WKHVWXG\FRQILUPVWKHFRQFOXVLRQVGUDZQLQ>@DQG>@WKDWWKHYHKLFOHEULGJHLQWHUDFWLRQKDVWKH
JUHDWHVWHIIHFWRQOLJKWZHLJKWVWUXFWXUHVVPDOOߤ௕ZLWKDILUVWQDWXUDOEHQGLQJIUHTXHQF\FORVHWRWKHSULPDU\
ERJLHIUHTXHQF\ߟ௣FORVHWR
• (YHQIRUVWUXFWXUHVZLWKDOHQJWKRIPDUHODWLYHHUURULQWKHDFFHOHUDWLRQSHDNVRIDERXWFDQEHGHWHFWHG
LQDUHDOLVWLFPDVVUDQJH
• ,QVRPHFDVHVWKHXVHRIWKH',0OHDGVWRODUJHUDFFHOHUDWLRQVWKDQWKHXVHRIWKH0/0

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
)LJ5HODWLYHHUURUVࣅD>@RIWKHUHVRQDQFHSHDNVIRUWKH0/0DQG',0/ P
2.4. Effects of the interaction on the resonance speed 
7KH YHKLFOHEULGJH LQWHUDFWLRQ LV DOVR HIIHFWLQJ WKH G\QDPLF EHKDYLRU RI WKH VWUXFWXUH E\ FKDQJLQJ WKH QDWXUDO
IUHTXHQF\RIWKHV\VWHPZKLOHWKHWUDLQLVRQWKHEULGJHVHHILJXUH

)LJ'LVSODFHPHQWRIWKHDFFHOHUDWLRQSHDNVDORQJWKHYD[LVXVLQJWKHH[DPSOHRIDEULGJHZLWKPVSDQDILUVWQDWXUDOIUHTXHQF\RI+]D
PDVVUDQJHȝEHWZHHQWPWRSIXQFWLRQJUDSKUHVSHFWLYHO\IRUWKH0/0DQG',0UHVXOWVDQGWPORZHVWIXQFWLRQJUDSKUHVSHFWLYHO\IRU
WKH0/0DQG',0UHVXOWVȴȝ WP
5HJDUGOHVV RI G\QDPLF VWLIIQHVV DQG EULGJH VSDQ WKH UHVXOWV VKRZ ZLWK GHFUHDVLQJ PDVV UDWLR ߤ௕ D JURZLQJ
UHGXFWLRQRIWKHQDWXUDOIUHTXHQF\RIWKHEULGJH7KHOLJKWHUWKHEULGJHWKHJUHDWHUWKHHIIHFWRIWKHDGGLWLRQDOPDVVRI
WKHWUDLQDQGLWVSDUWVRQWKHVWUXFWXUHEHKDYLRU7KHHUURUVGHWHUPLQHGLQWKLVVWXG\DUHLQDTXDQWLWDWLYHUDQJHRIDERXW
7KHUHIRUHWKHDSSUR[LPDWLRQRIWKHUHGXFWLRQRIWKHQDWXUDOIUHTXHQFLHVLVQRWGLVFXVVHGIXUWKHUKHUH
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$SSUR[LPDWLRQRIWKHUHVXOWVRIDPXOWLERG\WUDLQPRGHO
7KHIROORZLQJPHWKRGSURYLGHVDQDOWHUQDWLYHWRWKHFRQYHQWLRQDODGGLWLRQDOGDPSLQJPHWKRGIRUFRQVLGHULQJWKH
LQWHUDFWLRQHIIHFWV:LWK WKHDLGRI LPSDFW IDFWRUVߢ௔௣௣௥௢௫DQGUHIHUHQFHGHYLDWLRQܴ௥௘௙WKHUHVXOWVRIDFDOFXODWLRQ
ZLWKWKH0/0DUHDSSUR[LPDWHGWRWKHUHVXOWVRIWKH',0
3.1. Representation of the system response 
$WILUVWWKHG\QDPLFUHVXOWVRIEULGJHVZLWKWKHVDPHVSDQWKHVDPHQDWXUDOIUHTXHQF\EXWGLIIHUHQWPDVVZHUH
FRPSDUHG ,W LVQRWHG WKDW IRU OLJKWHUDQG WKHUHIRUHZHDNHUVWUXFWXUHVJUHDWHUDFFHOHUDWLRQDPSOLWXGHVDSSHDU7KH
ZDYHVKDSH±IRUWKH',0DVZHOODVIRUWKH0/0±UHPDLQVYLUWXDOO\XQFKDQJHG6RIRUDFHUWDLQOHQJWKDQGQDWXUDO
EULGJHIUHTXHQF\WKHSURSRUWLRQDOLW\RIWKHIXQFWLRQJUDSKVLVJLYHQ
6WUXFWXUHVZLWKWKHVDPHOHQJWKDQGPDVVEXWGLIIHUHQWQDWXUDOIUHTXHQFLHVVKRZDOPRVWWKHVDPHYDOXHVIRUWKH
UHVRQDQFHSHDN7KH\RQO\GLIIHULQWKHSRVLWLRQRIWKHSHDNVRQWKHYHORFLW\D[LV:LWKWKHDLPWREHFRPHLQGHSHQGHQW
IURPWKHQDWXUDOIUHTXHQF\ ଴݂WKHV\VWHPUHVSRQVHLVH[SUHVVHGDVDIXQFWLRQRIWKHZDYHOHQJWKߣ ൌ ݒȀ ଴݂7KHUHE\
IRUDQ\QDWXUDOIUHTXHQF\WKHFULWLFDOZDYHOHQJWKɉ௜UHPDLQVDIUDFWLRQRIWKHYHKLFOHOHQJWKD
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(YDOXDWHGIRUWKH5DLOMHWZLWKDYHKLFOHOHQJWKRIPWKHFULWLFDOZDYHOHQJWKKDYHWKHIROORZLQJYDOXHV
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)LJ$FFHOHUDWLRQVSHFWUXPLQWKHUDQJHEHWZHHQߣכ DQGP/ Pȝ NJPI +]ȗ 
%HWZHHQWKHUHVXOWVRI0/0FDOFXODWLRQVIRUVWUXFWXUHVZLWKWKHVDPHPDVVSHUOHQJWKYDOXHȝWKHUHLVKDUGO\D
GLIIHUHQFH 7KH DVVRFLDWHG DFFHOHUDWLRQ VSHFWUXP FDQ WKHUHIRUH EH GHVFULEHG ZLWK D IXQFWLRQ RI RQO\ WZR
YDULDEOHVܽெ௅ெ ൌ ݂ሺߣǡ ߤሻ
$VVKRZQLQILJXUHWKHVKDSHVRIWKHDFFHOHUDWLRQVSHFWUXPIRUWKHVDPHUDQJHRISDUDPHWHUVDVIRUWKH0/0
HYDOXDWHGIRUWKH',0DUHQRWFRLQFLGHQW6RWKHDVVRFLDWHGDFFHOHUDWLRQVSHFWUXPKDVWREHZULWWHQDVDIXQFWLRQRI
WKUHHYDULDEOHVܽ஽ூெ ൌ ݂ሺߣǡ ߤǡ ଴݂ሻ
6LQFHDVVKRZQDERYHWKHFULWLFDOVSHHGFKDQJHVE\XVLQJD',0LQVWHDGRID0/0UHVRQDQFHSHDNVGRQRWRFFXU
DWWKHVDPHZDYHOHQJWK,QRUGHUWRUHPRYHWKLVRIIVHWWKHZDYHOHQJWKIRUWKH',0LVFDOFXODWHGQRWEDVHGRQWKH
GHFRXSOHGQDWXUDOIUHTXHQF\ ଴݂EXWRQWKHQDWXUDOIUHTXHQF\ ଵ݂ZHREWDLQE\FRQVLGHULQJWKHLQWHUDFWLRQHIIHFWV7KH
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VRREWDLQHGZDYHOHQJWKLVGHVLJQDWHGKHUHDVߣכ)RUVLPSOLILFDWLRQWKHIUHTXHQF\ ଵ݂LVLQWKLVVWXG\GHWHUPLQHGIURP
WKHSHDNSRVLWLRQRIWKHV\VWHPUHVSRQVH
3.2. Approximation method  
7KHLGHDIRUDVLPSOLILHGPHWKRGWRFDSWXUHWKHYHKLFOHEULGJHLQWHUDFWLRQZDVDEVWUDFWHGIURP0XVHURV>@7KHVH
FRQFHSW LVEDVHGRQDUHIHUHQFHGHYLDWLRQܴ௥௘௙ሺߣכሻEHWZHHQWKHUHVXOWVRI WKH0/0DQGWKH',0VFDOHGE\DQ
LPSDFWIDFWRUVߢ௔௣௣௥௢௫WRDSSUR[LPDWHWKHUHDOGHYLDWLRQܴሺߣכሻE\DGGLWLRQDOPXOWLSOLFDWLRQZLWKWKHV\VWHPUHVSRQVH
WRWKH0/07KHDFFHOHUDWLRQVSHFWUXPIRUWKH',0FDQWKHQEHDSSURDFKHGE\IXUWKHUDGGLQJRIWKHVSHFWUXPIRUWKH
0/0
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7KHHQWLUHSURFHGXUHRIGHWHUPLQLQJWKHLPSDFWIDFWRUFDQEHVSOLWLQWRWKUHHVWHSV
• 6WHS&DOFXODWLRQRIWKHUHODWLYHGHYLDWLRQܴሺߣכሻIRUDVSHFLILFJURXSRIVWUXFWXUHV
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• 6WHS'HVLJQDWLRQRIWKHUHIHUHQFHGHYLDWLRQܴ௥௘௙ሺߣכሻ,QWKHSUHVHQWVWXG\DVWUXFWXUHZLWKDQDWXUDOIUHTXHQF\
RI ଴݂ ൌ ͷܪݖDQGDPDVVRIȝ NJPZDVFKRVHQIRUHDFKVSDQ
• 6WHS'HWHUPLQDWLRQRIWKHLPSDFWIDFWRUߢ௔௣௣௥௢௫7KURXJKWKHVLPLODULW\RIWKHV\VWHPUHVSRQVHVWKH
UHODWLRQVKLSEHWZHHQWKHUHIHUHQFHGHYLDWLRQDQGDOORWKHUGHYLDWLRQVFDQEHGHVFULEHGDV
[ ]  fRfR aapproxarefa μκλμλ ⋅≈ 
7RGHWHUPLQH WKH LPSDFW IDFWRU WKH ORFDO SHDNRI WKH UHDO UHVSRQVH VSHFWUXP LV HTXDOL]HGZLWK WKHSHDNRI WKH
DSSUR[LPDWHG VSHFWUXP IRU WKHZDYHOHQJWK RIߣכ ൌ ܦL L ^  `7KH LQGH[ L LV FKRVHQ VXFK WKDW WKH FULWLFDO
ZDYHOHQJWKLVREWDLQHGWKHZDYHOHQJWKZKHUHWKHODUJHVWV\VWHPUHVSRQVHRFFXUV
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,IWKHLQFUHPHQWVRIOHQJWKIRUZKLFKWKHUHIHUHQFHGHYLDWLRQVDUHHYDOXDWHGDUHPDGHVPDOOHQRXJKLWLVDOVR
SRVVLEOHWRLQWHUSRODWHEHWZHHQGLIIHUHQWOHQJWKV
3.3. Example 
)LJXUHVKRZVWKHH[DPSOHRIDPVSDQEULGJHZLWKDILUVWQDWXUDOIUHTXHQF\RI+]DQGDPDVVRINJP
$VUHIHUHQFHWKHUHVXOWVRIDDQGDPEULGJHZHUHXVHG7KHDSSUR[LPDWLRQRIWKH',0UHVXOWVZDVGRQHIRUERWK
UHIHUHQFHVDQGLQWHUSRODWHGDIWHUZDUGV$OWKRXJKWKHGLIIHUHQFHEHWZHHQWKHOHQJWKVRIWKHUHIHUHQFHVWUXFWXUHVLVYHU\
ODUJHWKHPD[LPXPDSSUR[LPDWLRQHUURUߝ௔RIWKHDSSURDFKHGUHVXOWV',0DSSUR[LQWLVMXVWDERXWSHUFHQW$VFDQEH
VHHQLQWKHILJXUHEHORZWKHUHVXOWVRIWKH$'0DUHPXFKZRUVH7KHUHZLWKWKHHOLJLELOLW\RIWKHVKRZQDSSUR[LPDWLRQ
PHWKRGVKRXOGKDYHEHHQDSSURYHG
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)LJ([DPSOHRIDPEULGJHȝ NJPI +]LQWHUSRODWLRQEHWZHHQWKHUHIHUHQFHVRIDDQGDPEULGJH
&RQFOXVLRQV
7KHSUHVHQWHGPHWKRGSURGXFHVDQDSSUR[LPDWLRQRI WKHSHDNYDOXHVDVZHOODVRI WKHHQWLUHJUDSKVKDSH7KH
TXDOLW\RI WKHVHDGMXVWPHQW LVPDLQO\EDVHGRQWKHGLVFUHWL]DWLRQRI WKHUHIHUHQFHFDOFXODWLRQV,WZDVVKRZQLQDQ
H[DPSOHWKDWHYHQIRUDUHODWLYHO\URXJKJULGRIUHIHUHQFHVUHDVRQDEOHUHVXOWVFDQEHREWDLQHG
%\JHQHUDWLQJDQDSSURSULDWHGDWDVHWRIUHIHUHQFHGHYLDWLRQVDQGLPSDFWIDFWRUVWKLVPHWKRGFRXOGEHLPSOHPHQWHG
LQWRH[LVWLQJFRPSXWHUSURJUDPV,QWKLVZD\WKHKLJKHUFRPSOH[LW\FRPSDUHGWRWKH$'0FRXOGEHFRPSHQVDWHG
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